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Outline 


•  Introduction 

•  Thermal  decomposition  of  ionic  liquids 

-  Basicity  &  nucleophilicity 
•  gas  phase  vs.  GIL  model 

•  Reactive  scattering 

•  VUV-PIMS  of  catalytic  ionic  liquid  reactivity 
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Motivation 


•  Replacement  for  monomethylhydrazine  +  N204 


(highly  volatile  and  toxic!!) 
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Article 


GIL  model 
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gas-phase 


ABSTRACT:  The  quantum  mechanical  SMD  continuum  universal  solvation 
model  can  be  applied  to  predict  the  free  energy  of  solvation  of  any  solute  in  any 
solvent  following  specification  of  various  macroscopic  solvent  parameters.  For 
three  ionic  liquids  where  these  descriptors  are  readily  available,  the  SMD 
solvation  model  exhibits  a  mean,  unsigned  error  of  0.4#  kcal/mol  for  93 
solvation  free  energies  of  neutral  solutes  and  a  mean  unsigned  error  of  1,10 
kcal/mol  for  14$  water  -to -TDL  transfer  free  energies.  Because  the  necessary 
solvent  parameters  are  net  always  available  for  a  given  ionic  liquid,  we  determine 

average  values  for  a  set  of  ionic  liquids  over  which  measurements  Jniw  been  made  in  order  to  define  a  generic  ionic  liquid 
solvation  model,  SMD- GIL.  Considering  1 1  different  ionic  liquids,  die  SMD -GIL  solvation  model  exhibits  a  mean  unsigned  error 
of  0.43  kcal/mol  for  344  solvation  free  energies  of  neutral  solutes  and  a  mean  unsigned  error  of  0.61  kcal/mol  for  431  water*to-IL 
transfer  free  energies.  As  these  errors  are  similar  in  magnitude  to  those  typically  observed  when  applying  continuum  solvation 
models  to  ordinary  liquids,  we  conclude  that  the  SMD  universal  solvation  model  may  be  applied  to  ionic  liquids  as  well  as 
ordinary  liquids. 


J.  Phys.  Chem.  B  2012,  116,  9122-9129 
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GIL  model 


•  How  do  we  predict  basicity  and 
nucleophilicity  in  any  ionic  liquid? 

•  GIL  model  is  polarizable  continuum  model 
benchmarked  to  treat  ionic  liquids  in  general. 
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Anion  Nucleophilicity 
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Reactive  scattering  of  HN03 
off  of  EMIM +d ca: 


•  Can  we  detect  protonated  dca-? 
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EMlM+dca- 


mass 

Masses  35-38  are  likely  35CI+,  H35CI+,  36CI+  and  H37CI+ 
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Synthesis  of  dca-  ILs 


•  cation  chloride  salt  prepared. 

•  Ag+dca-  added  and  Ag+CI_  precipitates  out. 

•  1000  ppm  Cl'  remains  as  an  impurity. 

•  Halide-free  synthesis? 
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WALS:  Chemical  Dynamics  Beamline 


IL  vapor  source 
reflectron  MS 


aerosol 
reflectron  MS 


Schematic  layout  of  Beamiine  9.0,2. 


7.4-15.0  eV  photons,  0.025  eV  resolution 
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I L  Aerosol  reactivity 


ILs  have  very  low  vapor  pressures: 

-Aerosols  are  liquid  droplets  suspended  in  gas 


phase: 
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size  distribution 


Reaction  dynamics 
and  kinetics 
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photoionization, 

fragmentation: 


Experimental:  m/z  =  76  AE  =  7.5  ±  0.2  eV 
m/z  =  45  AE  =  8.5  ±  0.2  eV 
m/z  =  31  AE  =  8.7  ±  0.2  eV 
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Conclusions 


•  Basicity  and  nucleophilicity  of  anions  in  ILs 
can  be  predicted  using  GIL  model. 

•  HN03  reacts  very  rapidly  with  Ch  impurity  in 
the  ionic  liquid  to  form  HCI  which  vaporizes 
from  the  ionic  liquid  surface  rapidly. 

•  Proton  transfer  in  HEHN  confirmed. 
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Future  plans 


•  Reactive  scattering: 

-  Obtain  higher  purity  ionic  liquid. 

•  VUV-PIMS: 

-  HEHN  on  catalyst 
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